SUMMARY Identical 10-year-old twins, both with electrocardiograms showing a short PR interval and a normal QRS complex but with dramatically different electrophysiological characteristics, are described.
One twin experienced episodes of rapid palpitation and on one occasion was resuscitated from ventricular fibrillation. An intracardiac electrophysiological study confirmed the presence of an atrioventricular nodal bypass tract and in addition revealed the presence of an accessory atrioventricular pathway, thus demonstrating that the patient had both the Lown-Ganong-Levine and Wolff-ParkinsonWhite syndromes. Re-entry tachycardia and atrial fibrillation, with a very rapid ventricular rate, were precipitated. After treatment with amiodarone, the patient became asymptomatic and a repeat study showed that the features of the atrioventricular nodal bypass tract were no longer present and though re-entry tachycardias using the accessory atrioventricular pathway could still be induced, their rates were slower than before treatment.
The other twin, in spite of an identical surface electrocardiogram, was asymptomatic. An electrophysiological study showed the features of an atrioventricular nodal bypass tract but there was no evidence of additional atrioventricular accessory connections and a tachycardia could not be induced.
The Lown-Ganong-Levine syndrome (1952) and the Wolff-Parkinson-White syndrome (1930) are both types of ventricular pre-excitation. The former results from an atrioventricular nodal bypass tract and the latter from an accessory atrioventricular pathway (Wellens, 1975) .
The purpose of this paper is to describe identical twins with differing forms of pre-excitation. Both have the surface and intracardiac electrophysiological features of an atrioventricular nodal bypass tract (Lown-Ganong-Levine syndrome) . One twin has in addition, the features of a concealed accessory atrioventricular pathway (Wolff-Parkinson-White syndrome) . In cases of ventricular pre-excitation, accessory atrioventricular connections of more than one type are sometimes present but this is only the second report of a patient with the surface electrocardiogram of the Lown-Ganong-Levine syndrome in whom an accessory atrioventricular pathway was disclosed by an intracardiac electrophysiological study (Massumi and Vera, 1971; Spurrell et al., 1973; Gallagher et al., 1976) , and it is the first report of identical twins with proved atrioventricular nodal bypass tracts. The patients are identical, male, 10-year-old twins. They were born after an uncomplicated pregnancy and delivery but twin A was noticed to have an apical systolic murmur in infancy and this has persisted. Twin A had experienced frequent, brief episodes of rapid palpitation for some months before the incident which brought about his admission to hospital. At that time his father, a general practitioner, found that he had a heart rate of over 300 per minute; carotid sinus massage was ineffective and 2 hours later, after admission, an electrocardiogram showed atrial fibrillation with an extremely rapid ventricular rate (Fig. 1A) . Shortly afterwards he developed ventricular fibrillation and was rapidly defibrillated. Twin B was asymptomatic. Both boys had identical surface electrocardiograms showing a short PR interval, and a normal QRS complex and QT interval (Fig. 1B) . Chest radiographs and echocardiograms of both twins were normal as were the electrocardiograms of first degree relatives.
Because of the heart murmur, cardiac catheterisation was performed on twin A and both twins had intracardiac electrophysiological studies under local anaesthesia after premedication with diazepam and conduction time (AH interval) was short and increased only minimally with rapid atrial pacing ( Fig. 2A) indicating an atrioventricular nodal bypass tract (Castellanos et al., 1971; Caracta et al., 1973; Gallagher et al., 1976) . His-Purkinje conduction time (HV interval) was normal. At atrial pacing rates of 240 per minute and greater, the QRS complexes became deformed and the HV interval shortened by the appearance of a delta wave, positive in lead VI (Fig. 2B) (Fig. 2C, D) . The results of the second study are summarised in Table 2 . Amiodarone prolonged the PR (130 ms), (Fig. 3A) . As the cycle length was shortened, the delta waves, which had similar vectors to those seen in the first study, became progressively larger and the HV interval became progressively shorter. These are the features of an accessory atrioventricular pathway rather than Mahaim fibres (Wellens, 1975; Gallagher et al., 1976) . Re-entry tachycardia using the accessory atrioventricular pathway in both anterograde (225 per minute) and retrograde (167 per minute) directions occurred but their rates were considerably less than found in the first study and atrial fibrillation did not occur (Fig. 3B, C) . Twin A has been asymptomatic in the 8 months since amiodarone was started.
TWIN B
The results are summarised in Table 3 (Wolff et al., 1930; Oehnell, 1944; McIntire and Freed, 1955; Harnischfeger, 1959; Massumi, 1967; Schneider, 1969 (Castellanos et al., 1971; Caracta et al., 1973; Wellens, 1975) . The increase in AH interval in Twin B was greater than in Twin A and the former might be considered to have a 'partial' rather than 'complete' bypass tract. It should be pointed out that though the electrophysiological characteristics of an atrioventricular nodal bypass tract are well recognised there is doubt as to whether the tract is extranodal or intranodal and whether it is a functional rather than an anatomical entity (Wellens, 1975) . Because of these doubts Gallagher et al.
(1976) prefer to use the term 'enhanced AV node conduction'. A further point of interest was the differing forms of pre-excitation in the twins; Twin A having an accessory atrioventricular pathway in addition to an atrioventricular nodal bypass tract. Presence of the accessory atrioventricular pathway was concealed during sinus rhythm and it required very short cycle lengths to cause slight but sufficient prolongation of atrioventricular nodal bypass tract conduction so that it was slower than conduction along the accessory atrioventricular pathway and hence led to the appearance of delta waves. A similar case has been reported by Massumi and Vera (1971) . One possibility to be considered is that the delta waves were the result of Mahaim fibres since an accessory atrioventricular pathway can be mimicked by a combination of an atrioventricular nodal bypass tract and Mahaim fibres (Brechenmacher et al., 1976) . However, the normal HV interval during sinus rhythm, and the progressive increase in degree of pre-excitation and progressive shortening of the HV interval with decreasing cycle lengths (seen particularly in the second study) are against this possibility (Wellens, 1975; Gallagher et al., 1976) . Nevertheless, as pointed out by Wellens (1975) , Mahaim fibres inserted into the atrioventricular node in such a location as to bypass much of the part of the node responsible for causing delay in atrioventricular conduction might be indistinguishable from an accessory atrioventricular pathway. The demonstration of left atrial pre-excitation during ventriculoatrial conduction by recording a left atrial electrogram during ventricular pacing would have been helpful in supporting the diagnosis of an accessory atrioventricular pathway, and also in confirming that the pathway was left sided, as suggested by the type A delta waves (Wellens, 1975) .
In Twin B no evidence of an accessory atrioventricular pathway was found. It is possible that this pathway was present but was only able to conduct retrogradely. Here again confirmation of this possibility would have required a demonstration of left atrial pre-excitation during ventriculoatrial conduction but even if an accessory atrioventricular pathway had been present ventriculoatrial conduction via the atrioventricular nodal bypass tract might have prevented left atrial pre-excitation.
In summary, identical twins with the same surface electrocardiographic signs of pre-excitation were found to have very different electrophysiological characteristics.
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